Objective: To investigate PON 1/Aryl activities in basketball players with or without a-T supplementation pre-and post-training. Vitamin E (a-tocopherol, a-T) reduces lipid peroxidation. Paraoxonase 1/arylesterase (PON 1/Aryl) activities are closely related to oxidation and atherogenesis. Subject/Methods: Blood was obtained from 10 players pre-(group A), post-exercise (group B) and after 1 month on a-T (200 mg per 24 h orally) supplementation pre-(group C) and post-exercise (group D). Lactate, pyruvate, muscle enzyme activities, creatine kinase, lactate dehydrogenase and total antioxidant status (TAS) were measured with commercial kits. Catecholamines and a-T were determined with high-performance liquid chromatography methods and PON 1/Aryl activities spectrophotometrically. Results: Lactate, pyruvate, muscle enzyme activities and catecholamines were increased (Po0.001) in all groups post-training. Alpha-T levels remained unaltered pre-vs post-exercise. TAS was decreased in all the groups post training. PON 1/Aryl activities were significantly decreased post-exercise (group B) (PON1: 65712 U min À1 ml À1 , Aryl: 58714 KU min À1 ml À1 ) as compared to those pre-exercise (group A) (PON1: 142716 U min À1 ml À1 , Aryl: 114712 KU min À1 ml À1 , Po0.001). In contrast, the studied enzyme activities remained practically unaltered after a-T supplementation pre-vs post-training. Both enzyme activities positively correlated to TAS (r ¼ 0.60, Po0.001).
Introduction
During exercise free radical production increases and the subsequent removal depends on the capacity of the welldeveloped scavenger and antioxidant system (Packer, 1997) . If the increase in the level of oxygen free radicals exceeds the antioxidant defense capacity of the cells, then lipid peroxidation will occur (Schroder et al., 2001) . It has been suggested that athletes undergoing strenuous training and competition may experience difficulties to maintain optimal tissue levels of vitamins, even if consuming the recommended daily allowances (Alessio et al., 2000) . A great number of human studies have shown that supplementation with antioxidant vitamins has favorable effects on the process of lipid peroxidation (Yaki, 1999; Finkel and Holbrook, 2000; Cooper et al., 2002) .
Paraoxonase 1/arylesterase (PON1/Aryl) associated with high-density lipoprotein (HDL) were initially identified for their ability to hydrolyze organophosphate compounds and aromatic carboxylic esters. Recent interest in the enzyme has arisen from the idea that PON 1/Aryl protect low-density lipoprotein (LDL) and HDL from lipid peroxidation (La Du, 1996) . This protection was proposed to be related to the peroxidase-like activity of PON 1/Aryl on pre-existing peroxides and the ability of PON 1/Aryl to modify the proportion of oxidation products in oxidized LDL (Mackness et al., 1996; Nguyen and Sok, 2001 ) and an increased risk of some chronic diseases, such as atherosclerosis (Packer, 1997; Ferre et al., 2003) . In the studies with PON 1/Aryl knockout mice, PON 1/Aryl were shown to be both necessary for the in vitro protective effects of HDL on LDL or oxidation (Yaki, 1999; Finkel and Holbrook, 2000) . Despite the association of PON 1/Aryl activities with prevention against LDL oxidation (Josse et al., 2001) , the mechanism by which PON 1/Aryl inhibit the oxidation of LDL phospholipids is not clear. Hydroxygen peroxide at millipolar concentrations was observed to partially inactivate PON 1/Aryl (La Du, 1996; Schroder et al., 2001; Nguyen and Sok, 2001) .
It was recently suggested that the enhanced inactivation of HDL-bound PON 1/Aryl in glycoxidative condition was ascribed to free radical-induced oxidation. PON 1/Aryl is speculated to be one of the antioxidant enzymes very susceptible to oxidative stress in in vitro system. Additionally, under oxidative stress conditions, HDL constitutes a target for oxidative modifications that may affect their antioxidant properties. It should also be noted that PON 1/Aryl activities are strongly dependent on its stability, which is enhanced in a phospholipid environment and in association with apolipoprotein A1 (Apo A1). Nevertheless, there have been a few attempts to define the in vivo conditions for oxidative inactivation of PON 1/Aryl and the relationship between oxidative inactivation of PON 1/Aryl and their antioxidant capacity (Aviram et al., 1998 (Aviram et al., , 2000b .
Furthermore, it was recently reported (Jeon et al., 2005 ) that the activity of PON1 was significantly increased as a consequence of the supplementation of rabbits with vitamin E for 8 weeks. In addition, Schroder et al. (2001) showed that the administration of the vitamin resulted in the avoidance of the development of oxidation.
Since exercise is closely related to the production of free radicals and PON 1/Aryl activities are reduced by oxidation, we investigated the effect of the antioxidant a-tocopherol (a-T) supplementation on the enzyme activities in basketball players before and after heavy training.
Subjects and methods
The study was approved by the Greek ethics Committee of Athens University. All players signed a consent form.
Subjects
Ten (n ¼ 10) male basketball players, all members of an adolescent champion team (age 18.570.6 years, height 19575 cm, weight 74.071.5 kg, body mass index 19.071.2 kg m À2 ) volunteered to participate in this study. Anthropometric measures were taken according to Lohman et al. (1988) . Blood pressure, both systolic and diastolic, was determined using an electronic instrument, with simultaneous heart-rate (beats min À1 ) measurement. Their training units consisted of a general warm up and stretching (approximately 10 min), a technical-tactical part (approximately 30 min), a heavy training, including training of counterattacks and simulated full-or half-court basketball games (approximately 40 min), and finally a cool down phase (approximately 10 min; Apostolidis et al., 2004) . All basketball players routinely took part in this training program two or three times a week.
Methods
The study was divided into two parts: In part A, the players were clinically examined and blood was drawn for laboratory tests before (4-5 min) entering the warm-up stage (group A) and at the end (2-3 min) of forced training (group B). After the end of part A, the players were supplemented with a-T (200 mg per 24 h orally) for 30 successive days (part B) and routinely continued to be trained as previously. After a-T supplementation, they were clinically re-evaluated and blood was drawn before (4-5 min) (group C) and at the end of the training (2-3 min) (group D) for re-determination of the same biochemical and enzyme parameters. Supplementation of the basketball players with a-T 200 mg per 24 h per os was adopted according to Horwitt (2001) .
Evaluation of blood lactate, pyruvate, total antioxidant status, muscle enzyme activities, lipids, catecholamines, a-T blood levels and PON1/Aryl activities Duplicate 25 ml capillary blood samples were collected from the left thumb 2-3 min following the test for lactate and pyruvate evaluation. Samples were centrifuged at 1000 g for 10 min and analyzed enzymatically. For the measurement of blood lactate and pyruvate concentrations, commercially available kits were utilized: Lactate Pap N 61192 Biomerieux and Pyruvate Roche Pyr 124982. Coefficients of variations (CVs) were 2.2 and 2.0%, respectively. Blood (5.0 ml) was collected into heparinized tubes. Total antioxidant status (TAS) was measured in plasma of players before and after the game as previously reported by Miller et al. (1993) . Plasma was frozen for up to 14 days before analysis. 2,2 0 -Azino-di-(3-ethylbenzthiazoline sulphonate; ABTS) was incubated with peroxidase (metmyoglobin) and H 2 O 2 to produce the radical cation ABTS K þ , which had a relatively stable blue-green color measured spectrophotometrically at 600 nm. Antioxidants in the added sample cause suppression of the above color production to a degree proportional of their concentration. The assay range was 0-2.5 mmol l
À1
. Samples with concentrations 42.5 mmol l
were diluted with 0.9% sodium chloride (NaCl) and reassayed. The present method calculates both the radical scavenging effect and the effect on the rate of ABTS K þ oxidation (free radical production). A possible overestimation of TAS calculation is attributed to all groups studied. Intra-and inter-assay variations were 3.4 and 3.9%, respectively.
Blood chemistry including determinations of serum lipids, total cholesterol (t-Chol), triacylglycerol, HDL-Chol, LDLChol, serum enzymes, creatine kinase (CK), lactate dehydrogenase (LDH) and liver enzymes were performed using routine methods. Internal quality control of the lipids was carried out according to the laboratory manual of the Lipid Research Clinics Program. Cholesterol bound to very lowdensity lipoprotein and LDL was estimated by the Friedewald equation. Apo A1 levels were determined by latex-particleenhanced immunonephelometric assays on the BN ProSpec nephelometer (Dade Behring, Liederbach, Germany). Quality control has previously been indicated. Inter-assay CV for t-Chol, triacylglycerol, HDL-Chol and Apo A1 were 3.5, 3.7, 5.1 and 5.0%, respectively (Lipid Research Clinics Program, 1974) .
Alpha-tocopherol (a-T) was measured in deproteinized, hexane-extracted sera using a reverse-phase high-performance liquid chromatography method, as described by Arnaud et al. (1991) . A C18 Nova-Pak column (Millipore, Frankfurt, Germany) and a multi-wavelength UV detector were used to determine a-T. The linear concentration range was 0.18-91.8 mM and run CV from 3.2 to 3.8% (Nierenberg and Lester, 1985) .
Plasma adrenaline, noradrenaline and dopamine levels were measured using a sensitive high-performance liquid chromatography method with reverse-phase ion-pair chromatography and electrochemical detection with an ESA Coulochem model 1100 A detector (Novata, CA, USA). The CV for adrenaline, noradrenaline and dopamine were 2.4, 2.6 and 2.3%, respectively (Candito et al., 1993) .
PON1 activity toward paraoxon (O, O-diethyl-O-p-nitrophenyl phosphate from Sigma-Aldrich Co., Buchs, Switzerland) was measured after the reaction of paraoxon hydrolysis into p-nitrophenol and diethylphosphate, as described previously with modifications. PON1 assays were performed in the absence of NaCl (baseline activity) in a buffer containing 90 mM Tris-HCl, pH 8.5, 1.5 mM CaCl 2 and 2.5 mM paraoxon. We measured the rate of hydrolysis of paraoxon at 37 1C by monitoring the increase of absorbance at 410 nm. Frozen aliquots of serum pool were used as an internal control. At least one aliquot of serum pool was measured in every 10 samples to correct for inter-assay variations. The enzyme activity was calculated from the molar extinction coefficient of p-nitrophenol at 410 nm (18 300 M À1 cm
). Paraoxonase (1 U ml
) was defined as 1 nmol of p-nitrophenol formed per minute. The inter-and intra-assay CVs were 1.37 and 1.89%, respectively.
PON1 activity was also assessed by use of phenylacetate (from Fluka, Riedel-de Hoen, Heidelberg, Germany) as substrate. Arylesterase activity of PON1 was determined spectrophotometrically in an assay buffer containing 1 mM phenylacetate, 20 mM Tris-HCl (pH 8.0) and 1 mM CaCl 2 .
Serum samples were prediluted 1:8. Blanks without enzyme were used to correct for spontaneous hydrolysis.
Frozen aliquots of serum pool, used as an internal control, were thawed just before the beginning of the assay. One sample of serum pool was measured every 10 samples. Activity was calculated from the molar extinction coefficient at 270 nm of 1310 M À1 cm À1 at UNICAM UV2 VIS UV spectrophotometer. Arylesterase activity (1 U ml
) was defined as a micromole of phenylacetase hydrolyzed per minute (Senti et al., 2003; Chalrton-Menys et al., 2006) . , Po0.001) as well as lactate and pyruvate were significantly higher after exercise in groups B and D as compared to A and C, respectively.
Statistical analyses
As presented in Table 1 , t-Chol, triacylglycerol, HDL-Chol, LDL-Chol and Apo A1 levels did not statistically significantly differ among the groups of study.
As shown in Table 2 , CK and LDH activities were significantly increased in the sera of players post-exercise (group A vs group B and group C vs group D). In addition, both the enzyme levels were lower in the group with a-T supplementation (group D) than in players without vitamin addition (group B) post-training. As expected, a-T levels were significantly higher in the groups with a-T supplementation (groups C and D). The vitamin levels were unchanged in players before and after training (group A vs group B and group C vs group D). Blood levels of dopamine, noradrenaline and adrenaline were remarkably increased after exercise (groups B and D). As expected, liver enzymes were normal pre-vs post-training in all groups (data not shown).
As illustrated in Table 3 , TAS was significantly decreased post-training (groups B and D). Interestingly, TAS levels were significantly higher in group C than all the other groups of the study, and remarkably reduced in group B. In addition, both the studied PON 1/Aryl activities were À50% lowered post-training (group B), whereas the enzymes remained practically unaltered, pre-vs post-training, when the players were supplemented with the vitamin.
As illustrated in Table 4 , positive significant coefficient correlations were found between PON 1/Aryl enzyme activities and HDL-Chol as well as Apo A1 levels in the studied groups pre-training. In addition, the enzyme activities positively correlated to TAS in all the groups of study.
No other correlation was found between the studied enzymes and the other biochemical parameters.
Discussion
Anerobic exercise has been associated with a substantial level of lactic acidosis in both blood and muscle (Packer, 1997) and with a major increase in plasma catecholamine levels (Schroder et al., 2001) , resulting in a remarkably increased blood pressure and the almost twofold higher cardiac rate post-training can be attributed to the significant activity of the players' sympathetic system. In this study, TAS was remarkably decreased post-training in players without a-T supplementation, as reported by other authors (Alessio et al., 2000; Cooper et al., 2002) . In addition, TAS was significantly increased before training in players with a-T addition as compared with those without at the same time of study. This finding is an agreement with our previous observations (Tsakiris et al., 2006) and indicates an increase in antioxidant action of the vitamin, which minimizes the baseline (pre-training) free radical production and subsequent lipid peroxidation process (Rokitzki et al., 1994; Balakrishnan and Anuradha, 1996; Singh and Jialal, 2004) . Interestingly, TAS was decreased in the players posttraining (group D), possibly indicating tissue depletion of other antioxidants (Rokitzki et al., 1994; Balakrishnan and Anuradha, 1996; Singh and Jialal, 2004) since a-T level was not significantly changed in the sera of athletes of this group.
Another important finding is that CK and LDH serum levels were significantly lower post-training in players with a-T supplementation (group D) as compared to those without (group B). This finding can be explained by the increase in a-T concentration in the blood of players after supplementation (Cooper et al., 2002) , which may protect cells, Abbreviations: a-T, a-tocopherol; Apo A1, apolipoprotein A1; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; t-Chol, total cholesterol; Trig, triacylglycerol. Values are expressed: mean7s.d. (not statistically significant differences were found among the studied groups). Table 2 Muscle enzymes (CK, LDH), catecholamines (DA, A, NA) and a-T levels in the blood of basketball players (n ¼ 10) pre-and post-training, with and without a-T supplementation including muscle cells, from glutamate-induced cell 'death' and may ameliorate lipid peroxidation injury during exercise. The latter possibly results in a decrease in CK and LDH levels in the serum of basketball players post-training. The primary mechanism of this protection by a-T has been described in detail by Cunha et al. (1999) and Jain et al. (2000) . Furthermore, plasma lipoprotein abnormalities underlie and may even be essential for the common occurrence of atherosclerotic vascular diseases (Reaven and Witztum, 2001) . In this study, lipids, lipoprotein and Apo A1 levels did not differ among the studied groups not even postexercise. In addition, PON1/Aryl activities were strongly correlated with HDL-Chol and Apo A1 in the groups of study pre-exercise. Also, the antiatherogenic enzyme activities positively significantly correlated to TAS in all the groups of study (Table 4) . To determine whether the abovementioned associations may be attributed to related alterations in PON 1/Aryl activities, or the alterations of the enzyme activities are casually related to their exposure in oxidative conditions, as found in group B, we have postulated two possible explanations: one is that serum PON1/Aryl activities are lowered as a result of an altered synthesis or secretion of HDL-Chol. These alterations may result from damaged liver cells, which are not able to express PON 1/Aryl activities, as found in rats with experimental cirrhosis (Ferre et al., 2001) . In this study, HDL-Chol, Apo A1 and liver enzyme function tests were found normal in all the participants. Taken together, our data indicate that PON 1/Aryl activities may be reduced by their exposure in high hydroxyl radical levels, post-exercise (group B), here presented as low TAS (Costa et al., 2001; Tomas et al., 2002) . In addition, very recently, we reported reduced PON1/Aryl activities in mothers after long-lasting labor and delivery and in the cord blood of their newborns in whom TAS levels were significantly lower (Vlachos et al., 2006) . In other words, the enzymes, present in relatively high activities in the athletes' physiological system, might scavenge these reactive compounds during exercise, at least, according to stoichiometric removal mechanisms. Therefore, it is likely that hydroxyl radicals may be active species primarily responsible for the oxidative reduction of the PON 1/Aryl in in vivo system (group B). This suggestion is supported by our previous in vitro ( Karikas et al., 1999; Tsakiris and Schulpis, 2000) and in vivo studies (Schulpis et al., 2002; Tsakiris et al., 2005) on another esterase: we reported that low TAS levels decreased both rat brain acetylcholinesterase activity and the erythrocyte membrane acetylcholinesterase activity in patients with classical phenylketonuria (Schulpis et al., 2002) and in those with classical galactosemia 'off diet' (Tsakiris et al., 2005) . The enzyme activities were restored to normal when the patients adhered to their diet and their TAS levels were remarkably increased. This suggestion is also reinforced by the restoration of the enzyme activities, when the basketball players were supplemented with the antioxidant vitamin and their TAS levels were increased.
Moreover, in this study, a slight, not significant, increase of the enzyme activities were observed in most (6/10) athletes, after a-T supplementation pre-training. This finding is in agreement with that previously described by Jarvik et al. (2002) who reported the association of vitamin C and/or vitamin E intake with the antiatherogenic enzyme activity. The inhibition of LDL oxidation by HDL, which is due to the hydrolysis of lipid peroxidation, appears to be in part (Mackness, 1994) a function of the studied enzyme activities, which are components of HDL (Aviram et al., 2000a) . Watson et al. (1995) have shown that PON1 destroyed the multioxygenated molecules found in phosphatidylcholine. Furthermore, the reduced enzyme activities, post-training, also reduce the ability of HDL to inhibit monocyticendothelial interactions, both of which appear to be important in the inflammatory response in arterial wall cells that promotes atherogenesis. Inactivation of the studied enzymes by oxidized LDL can be inhibited by antioxidants (Aviram et al., 1999) . The role of antioxidant and especially vitamin E supplementation, in the prevention of vascular disease is still being clarified (Harats et al., 1990; Berliner and Heinecke, 1996) . The vitamin may inhibit vascular disease lesion progression (Azen et al., 1996) and was shown to inhibit LDL oxidation (Watson et al., 1995) . Any reduction in oxidative stress related to the vitamin intake, as found in previous (Tsakiris et al., 2006) and this study, may preserve PON1/Aryl activities. The HDL effect on the protection of LDL from oxidation, mainly attributable to the antiatherogenic enzymes, is more prolonged than the effects of the antioxidant vitamins (Mackness et al., 1993; Berliner and Heinecke, 1996; Ascherio et al., 1999) .
Conclusions
PON 1/Aryl activities may be reduced by free radical production post-forced training. Supplementation with a-T may protect the enzyme activities from reduction via amelioration of lipid peroxidation. Since exercise is now included in the healthy lifestyle, addition of the vitamin is expected to prevent vascular damage.
